Running movements are similar in repetitive frequency to the movement sequences found in various types of aerobic dance exercise progfams. Although running is not typically viewed as a jumping activity, it does consist of a series of repeated jumps followed by repeated landings. Unfortunately for the participants in repetitive impact-oriented activities such as walking, running, court sports, and aerobic dance, some researchers have attributed some types of trauma and injury to repeated impacts from landing, but no data have yet been published to substantiate this claim (Francis, Francis, & Welshons-Smith, 1985; James' Bates, & Ostemig, 1978; Nigg, 1986; Nigg et a1., 1984; Radin et al.' 1973; Simon, Radin, Paul, & Rose, 1972)' Researchers and clinicians have studied vertical ground reaction forces in an attempt to quantify impact and load upon the human body during running and the relationship of impact or shock to injury. When an athlete is running at 4.5 m/s, vertical impact forces typically reach a peak of 2.0-2.4 BW in [20][21][22][23][24][25][26][27][28][29][30] Mark D.
ms (Cavanagh & Lafortune, 1980;  Clarke, Frederick, & Cooper, 1983;  Hennig & Lafortune, 1991) . Munro, Miller, and Fuglevand (1987) found that peak impact force and loading rate were running speed dependent; peak impact increased from 1.6 BW at 3.0 m/s to 2.3 BW at 5.0 m/s and loading rate increased from 77 BWis at 3.0 m/s to 113 BWs at 5.0 m/s. Other authors have also reported that peak impact forces increase with increasing running speed (Frederick & Hagy, 1986; Hamill et al., 1983) .
Numerous studies have attempted to quantify ground reaction forces experienced during the landing phase of jumping movements. kes (1981) observed that landings can be divided into impact absorption (firct 150 to 200 ms of stance) and balance phases. Valiant and Cavanagh (1985) found that forefoot landings result in impact peaks of approximately 1.3 BW in 10 ms, attributed to contact of the anterior portion of the foot, followed by heel contact peaks of 4.1 BW in 37 ms. In landing movements peak vertical impact forces increase with increasing height, and time to peak vertical impact force decreases with increasing height (Dufek & Bates, 1990 , 1991 McNitt-Gray, 1991) .
Very few studies have specifically quantified the ground reaction forces (CRF) in aerobic dance. Francis, lrigh, and Berzins (1988) found peak tibial accelerations of approximately 3 g in less than 45 ms for a single subject performing a hopping-type aerobic dance movement. Ricard and Veatch (1990) compared the vertical ground reaction force variables in a low-and high-impact aerobic dance movement (front knee lift). Peak impact force was significantly lower in the low-impact movement (1.0 BW) than in the high-impact movement (2.0 BW). Significantly lower loading rates were also found in the low- (14.4 BWs) than in the high-(42.6 BWs) impact movement. 
Discussion
Two factors that describe the load imposed on the human body by an exercise activity are the magnitude of the force and the rate of force application. Impact forces are arbitrarily defined as high-frequency forces where the peak value is reached in less than 50 ms. The reaction time of the neuromuscular system to a stimulus has been reported to vary from 50 to 75 ms (Jones & Watt, 1971; Nigg, 1985) . Impact forces can be described as passive and active based upon frequency and time to peak force. Passive impact forces, reaching a peak in less than 50 ms, have been suggested to cause bionegative effects such as microtrauma in muscles, ligaments, and bone (Nigg, Denoth, & Neukomm, 1981) . While both the magnitude and rate of force application have been suggested to cause injury, there is no conclusive evidence to confirm these findings. In the current study, first peak impact forces for aerobic dancejump heights of 4.0 cm and higher resulted in greater impact forces than in running at speeds of 2.4 to 4.0 m/s, suggesting that greater load is imposed on the performer in aerobic dance than in running. In contrast, the remaining descriptors of imposed load (time to first peak force, peak loading rate, high-frequency impulse, and 50-ms impulse) indicated that running imposes a greater load on the performer than does the FKL aerobic dance movement. Time to first peak impact forces resulting from the five jumping heights all exceeded 100 ms, whereas time to first peak impact forces resulting from the five running speeds were all below 40 ms (Table I and Figure 6 ). Peak to accommodate (Dufek & Bates, 1990; Lees, 1981; McNitt-Gray, 1991; McNittGray, Barbieri, Anderson, & Irvine, 1991) . In running at 3.83 m/s, peak lower leg accelerations are typically 7-8 g with mean frequency components of 2U-25 Hz, and peak skull accelerations Ne 2-3 E with a mean frequency of 3.5 Hz (Shorten; Valiant, & Cooper, 1986; Valiant, 1990) . The magnitude and frequency of an impact shock are attenuated by bone and soft tissue between the lower leg and head. In the present study, the 50-ms impulse represents some of the paisive, high-frequency load resulting from impact (Figure 2) . However, an undeterminid portion of this 50-ms impulse is attenuated by muscular preactivation prior to landing. The high-frequency impulse can be used to describe that porti;n ofthe force-time curve that may not be attenuated by muscular preactivaiion (Figure 2 ). It is possible that the high-frequency impulse is a better descriptor of the passive load applied to the body during an impact event than the 50-ms impulse.
The relative stress placed on the human body by a force may be described by four factors: the magnitude of the force, the rate at which the force is applied, the point of application, and the direction of force application relative to the body configuration of the performer. In future comparisons of load imposed by running and aerobic dance, the point of force application and relative body configuration of the performer should be quantified. Aerobic dance movements tend to load the forefoot, thus placing stress on different anatomical structures, when compared to running. Aerobic dance participants often report injuries to the forefoot, lower leg, and knee (Garrick & Requa, 1988 
